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(57) ABSTRACT

An electrowetting display device includes at least one picture
element having a first support plate, a second support plate
and a space between the first support plate and the second
support plate. The first support plate includes a reflector for
reflecting light and the second support plate includes a light
diffuser.
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1
ELECTROWETTING DISPLAY DEVICE
WITH LIGHT DIFFUSER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of PCT Application No.
PCT/EP2012/074872 filed Dec. 7, 2012.

BACKGROUND

A known reflective electrowetting display device may
include a plurality of picture elements. A picture element
includes a space between a first and a second support plate. A
coloured first fluid and an immiscible electroconductive sec-
ond fluid are arranged in the space. The configuration of the
fluids can be controlled by applying a voltage between an
electrode in the first support plate and the second fluid. With-
out an applied voltage, the first fluid forms a layer on the first
support plate. When a voltage is applied, the electroconduc-
tive second fluid penetrates through the first fluid and moves
the first fluid over the first support plate to a side of the picture
element. The fluids thereby operate as a light switch. Ambient
light incident from the viewing side of the display device on
the second support plate and transmitted through the space is
reflected on a diffuse reflector in the first support plate back
towards the viewing side.

It is desirable to improve the quality of an image displayed
on the display device.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows a schematic cross-section of part of an elec-
trowetting display device.

DETAILED DESCRIPTION

The entire contents of the following applications are incor-
porated by reference herein:

PCT/EP2012/074872 filed Dec. 7, 2012

GB 1121212.3 filed Dec. 9, 2011

Embodiments described herein relate to an electrowetting
display device. Embodiments will firstly be described in sum-
mary form.

In accordance with embodiments, there is provided an
electrowetting display device comprising at least one picture
element having a first support plate, a second support plate
and a space between the first support plate and the second
support plate, the first support plate including a reflector for
reflecting light,

the space including a first fluid and a second fluid immis-

cible with each other, the first fluid forming a layer on the
first support plate when no voltage is applied to the
picture element and the second fluid being electrically
conductive or polar,

wherein the second support plate includes a light diffuser

on the side of the second support plate facing the space.

Embodiments also relate to a support plate for use in an
electrowetting display device, the support plate including a
light diffuser.

Embodiments are based on the insight that the quality of an
image displayed by some known display devices is reduced
by non-uniformity of the motion of the first fluid on applica-
tion of a voltage between different picture elements, and that
at least part of this non-uniformity of motion is caused by the
presence of the diffuse reflector in the first support plate. In a
known example the diffuse reflector has a reflecting surface
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with random height differences. The height differences cause
a diffuse reflection of incident light. Since the reflector is
arranged on the side of the first support plate facing the space,
the surface of the first support plate over which the first fluid
moves on application of a voltage to the picture element also
shows height differences copied from the reflector. As a
result, the layer of first fluid adjoining the first support plate
when no voltage is applied varies in thickness. This variation
affects the position in the picture element where the second
fluid penetrates through the layer of first fluid and where the
first fluid starts moving when increasing the applied voltage.
Since the height differences are random, the positions in
different picture elements are also random. This non-unifor-
mity of the motion of the first fluid in different picture ele-
ments is readily visible to a viewer of the known display
device and reduces the quality of images displayed on the
device.

This non-uniform motion of the first fluid is addressed by
arranging a substantially flat reflector in the first support plate
and a light diffuser in the second support plate on the side of
the second support plate facing the space. Since the reflector
is substantially flat, it will not cause height variations of the
surface of the first support plate over which the first fluid
moves. Hence, the uniformity of the motion of the first fluid in
the different picture elements of the display device will
improve.

The reflected light is diffused by a light diffuser arranged in
the second support plate. The height differences of the dif-
fuser in the second support plate do not affect the operation of
the picture element, because the second fluid near the second
support plate is substantially stationary during operation and
the thickness of the layer of second fluid is substantially larger
than the height differences.

Ambient light incident on the second support plate of a
picture element will first be diffused on passing the light
diffuser in the second support plate, next reflected by the
reflector in the first support plate and then diffused again by
the light diffuser in the second support plate. The arrangement
of the light diffuser in the second support plate on the side
facing the space of the picture element instead of on the
viewing side improves the sharpness of the image and permits
the display of a more paper-like image.

Examples of embodiments will now be described in detail.

FIG. 1 shows a schematic cross-section of part of a reflec-
tive electrowetting display device 1 according to an embodi-
ment. The display device includes at least one picture element
2, also known as a pixel, one of which is shown in the FIG-
URE. The lateral extent of the picture element is indicated in
the FIGURE by two dashed lines 3, 4. The display device
comprises a first support plate 5 and a second support plate 6.
The support plates may be separate parts of each picture
element, or the support plates may be shared in common by
the plurality of picture elements. The support plates may
include a glass or polymer substrate 7, 8 and may be rigid or
flexible. The display device has a viewing side 9 on which an
image or display formed by the display device can be viewed
and a rear side 10. In the embodiment of FIG. 1 the first
support plate 5 faces the rear side; the second support plate 6
faces the viewing side.

The display device may be of the reflective or transtlective
type. The display device may be of a segmented display
device type in which the image is built up of segments and
each segment may include one or more picture elements. The
display device may be an active matrix driven type or a
passively driven type. The plurality of picture elements may
be monochrome. Alternatively, for a full colour display
device, the picture elements shown in the FIGURE may be
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sub-pixels, each sub-pixel having a different colour; alterna-
tively, a different individual picture element may be able to
show different colours.

A space 11 between the support plates includes two fluids:
a first fluid 12 and a second fluid 13, wherein the fluids may,
for example, be liquids. The second fluid is immiscible with
the first fluid. The second fluid is electrically conductive or
polar, and may be, for example, water or a salt solution such
as a solution of potassium chloride in a mixture of water and
ethyl alcohol. The second fluid may be transparent, but may
be coloured. The first fluid is electrically non-conductive and
may, for instance, be an alkane like hexadecane or (silicone)
oil. The first fluid absorbs at least a part of the optical spec-
trum. The first fluid may be transmissive for a part of the
optical spectrum, forming a colour filter. For this purpose the
first fluid may be coloured by addition of pigment particles or
dye. Alternatively, the first fluid may be black, i.e. absorbing
substantially all parts of the optical spectrum.

A hydrophobic layer 14 is arranged in the support plate 5
and may be transparent or reflective. The hydrophobic layer
may be an uninterrupted layer extending over a plurality of
picture elements 2, as shown in the FIGURE, or it may be an
interrupted layer, each part extending only over one or more
picture elements 2. The layer may be for instance an amor-
phous fluoropolymer layer such as AF1600 or another low
surface energy polymer. The hydrophobic character causes
the first fluid 12 to adhere preferentially to the first support
plate 5.

The first support plate 5 includes an electrode 15 for each
picture element. The electrode is separated from the fluids by
an electrically insulating cover layer, which may be the
hydrophobic layer 14 or an additional insulating layer, not
shown in the FIGURE. Further layers may be arranged
between the hydrophobic layer and the electrode. The elec-
trode 15 can be of any desired shape or form and in this
example is planar; it is made of an electrically conducting
material and may be transparent or reflective. The electrodes
of neighbouring picture elements are separated by an insulat-
ing layer 16. The electrode 15 is supplied with voltage signals
by a signal line 17. A second signal line 18 is connected to an
electrode which is in contact with the conductive second fluid
13; this electrode may pertain to one picture element or may
be common to a plurality of or all picture elements. The
electrode may be in contact with the second fluid locally and
the picture elements share the second fluid, uninterrupted by
walls. Alternatively, the electrode may extend over the picture
elements, with either a shared second fluid or a second fluid
confined to picture elements by walls extending from the first
to the second support plate. The display state of the picture
element 2 can be controlled by a voltage V applied between
the signal lines 17 and 18. The electrodes 15 of the support
plate 5 each are coupled to a display driving system.

In a display device having the elements arranged in a
matrix form, the electrodes can be coupled to a matrix of
control lines in the first support plate. The first fluid 12 is
confined to a single picture element by walls 19 that follow
the extent of the picture element. The walls may extend from
the first to the second support plate but may also extend partly
from the first support plate to the second support plate.
Although the walls are shown as structures of the first support
plate 5 that protrude from the planar surface of the hydropho-
bic layer 14, they may instead be a surface layer of the first
support plate that repels the first fluid, such as a hydrophilic
layer. The extent of the picture element, indicated by the
dashed lines 3 and 4, is defined by the centre of the walls 19.
The area of the hydrophobic layer 14 between the walls of a
picture element, indicated by the dashed lines 20 and 21, is a
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display area 22 over which a display effect occurs. The dis-
play area 22 lies in the plane of a surface 23 of the hydropho-
bic layer 14.

In a colour display device a colour filter 24 may be
arranged in the first support plate 5, for example between the
electrode 15 and the substrate 7, neighbouring picture ele-
ments having different colours. The extent of the colour filter
in the embodiment of the FIGURE is one picture element;
hence, different picture elements may have different colour
filters. Alternatively, the colour filter may be arranged in the
second support plate or two or more colour filters may be
arranged in both support plates.

A reflector 25 in the first support plate reflects light incident
on the picture element from the viewing side 9, the light
usually being ambient light. The reflector is typically a thin
layer of a reflecting material. The reflector may be planar,
thereby operating as a specular reflector. Such a reflector is
relatively easy to make. The reflection is also called specular
if the layer shows height differences having a period of the
order of the size of the diameter of the picture element or
larger. Such height differences may be caused by electronic
components, such as transistors, control lines or capacitors
arranged in the first support plate below the reflector.

Alternatively, the reflector 25 may have a small degree of
non-planarity, causing a lightly diffusive reflection. The non-
planarity should be such that the motion of the first fluid 12 is
not affected. The non-planarity of the reflector should nor-
mally be substantially less than 1 micrometer; a larger non-
planarity may be possible when the layers between the reflec-
tor 25 and the space 11 have a sufficient planarising effect.

Whereas the embodiment shown in the FIGURE has the
reflector as a separate element 25, the electrode 15 may have
the function of a reflector if it is made of a reflective material.

The reflector 25 shown in the FIGURE covers the entire
cross-section of the picture element. Alternatively, the reflec-
tor may be restricted to the display area 22. When the display
device is not reflective but transflective, the reflector may
cover only part of the display area 22 as disclosed in the
different embodiments of international patent application
WO07/141220.

The first support plate may include electronic elements,
such as one or more control lines, transistors and capacitors
for controlling the voltage on the electrode 15. The electronic
elements are schematically indicated in the FIGURE by a
layer 26. The electrode is connected to the electronic ele-
ments by a through-connection 27 or via. The through-con-
nection can be relatively short and small in cross-section in
the embodiment shown because of the thin layers 24 and 25 it
passes through. In the known display device a diffuse reflec-
tor at the location of element 25 would have a substantially
larger thickness requiring a longer through-connection,
which would also have a larger cross-section.

When no voltage is applied between the electrodes, the first
fluid 12 forms a layer between the walls 19, as shown in the
FIGURE. This layer may have a typical thickness of 4
micrometer. The layer of second fluid 13 may have a typical
thickness in the order of 50 micrometer. A typical size of the
display area 22 is 160 micrometer by 160 micrometer. Appli-
cation of a voltage between the electrode 15 and the second
fluid 13 will contract the first fluid, for example against a wall
as shown by the dashed shape 28 in the FIGURE. The shape
of the first fluid is controllable by controlling the applied
voltage, and is used to operate the picture element as a light
valve, providing a display effect over the display area 22.
Further details of features of the display device are described
in international patent publication no. W02003/071346, the
contents of which is incorporated herein by way of reference.
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The second support plate 6 includes a transparent light
diffuser 30 on the side of the second support plate facing the
space. Light incident on the display device from the viewing
side 9 will be scattered, the directional distribution of the
transmitted scattered light depending on the properties of the
light diffuser. The light diffuser may include a non-planar
surface, the non-planarity causing diffusion of the light. The
refractive index on both sides of the non-planar surface
should be different.

In the embodiment of FIG. 1 the light diffuser is a layer 30
having a varying thickness, such that a surface 31 of the layer
30 is non-planar. The surface 31 may for example have height
differences in the order of 1 micrometer and an average pitch
of 10 micrometer. The thickness of the layer 30 may be a few
micrometer or more. The layer may be made using known
methods, e.g. diffractive exposure using proximity masks on
photosensitive material or contact exposure on photo-em-
bossing material. An example of photosensitive material is
TPIR made by Tokyo Ohka Kogyo Co.

A transparent, conductive layer 32 is arranged on the sur-
face 31 to provide an electrical connection between the signal
line 18 and the second fluid 13. The layer 32 may be made of
ITO having for example a thickness between 25 and 125 nm.
When the ITO layer follows the non-planarity of the surface
31, the refractive index between the layer 30 and the second
fluid should be different. When the second fluid is an electro-
lyte having a refractive index of about 1.47, the refractive
index of the material of the layer 30 may be between 1.5 and
1.7.

The electrical connection between the signal line 18 and
the second fluid 13 may alternatively be made by a conductive
strip surrounding the collection of picture elements. In this
embodiment the surface 31 can adjoin the space 11. The
refractive index of the layer 30 and the second fluid 13 should
be different to obtain the diffusion effect; the above values of
the refractive indices can be used.

The non-planar surface may have randomly and/or regu-
larly arranged protrusions. The protrusions may have random
shapes or regular shapes. Regular protrusions may have a
circular or regular polygon shape; they may be wave-shaped,
forming a corrugated surface. The pitch of the protrusions
determines the angular range within which the light is dif-
fused. The average pitch may be chosen differently for two
perpendicular directions in the surface to achieve different
degrees of diffusion for different viewing angles of the dis-
play device, e.g. in the horizontal and vertical direction, and
increase the utilization efficiency of the incident light. The
surface may have a local tilt such that the average direction of
the diffused light is different from that of the incident light,
thereby adapting the diffusion to a difference between the
viewing direction and the direction of incidence of the light
on the display device.

The above embodiments are to be understood as illustrative
embodiments. Further embodiments are envisaged. It is to be
understood that any feature described in relation to any one
embodiment may be used alone, or in combination with other
features described, and may also be used in combination with
one or more features of any other of the embodiments, or any
combination of any other of the embodiments. Furthermore,
equivalents and modifications not described above may also
be employed without departing from the scope of the accom-
panying claims.

What is claimed is:
1. An electrowetting display device comprising at least one
picture element having a first support plate, a second support
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plate and a space between the first support plate and the
second support plate, the first support plate including a reflec-
tor for reflecting light,

the space including a first fluid and a second fluid immis-
5 cible with each other, the first fluid forming a layer on the
first support plate when no voltage is applied to the at
least one picture element and the second fluid being one

or more of: electrically conductive or polar,
wherein the second support plate includes a light diffuser

10 on a side ofthe second support plate facing the space, the
light diffuser including a non-planar surface, and

wherein, without a voltage being applied to the at least one

picture element, the second fluid has a varying thickness

15 across an extent of the at least one picture element, the

varying thickness being dependent on a shape of the
non-planar surface.

2. An electrowetting display device according to claim 1,
wherein the second support plate includes a substrate, the

20 light diffuser being arranged on a side of the substrate closest
to the space.

3. An electrowetting display device according to claim 1,
wherein the second fluid adjoins at least part of a non-planar
surface of the second support plate, the non-planar surface of

25 the second support plate being non-planar in dependence on a
shape of the non-planar surface of the light diffuser.

4. An electrowetting display device according to claim 1,
wherein the non-planar surface comprises a plurality of pro-
trusions which are arranged in one or more of: a random

30 pattern or a regular pattern.

5. An electrowetting display device according to claim 1,
wherein the non-planar surface comprises a plurality of pro-
trusions, a shape of at least one of the plurality of protrusions
being one or more of: a shape with a circular cross-section, a

35 shape with a regular polygon cross-section or a wave shape.

6. An electrowetting display device according to claim 1,
wherein the non-planar surface comprises a plurality of pro-
trusions, an average pitch of the plurality of protrusions being
different in a first direction than in a second direction, the first

40 and second directions being perpendicular to each other.

7. An electrowetting display device according to claim 1,
wherein the second support plate includes a substrate and the
light diffuser is a layer having a varying thickness arranged on
the substrate.

45 8. An electrowetting display device according to claim 1,
wherein the second fluid adjoins at least part of a surface of
the light diffuser.

9. An electrowetting display device according to claim 1,
wherein a refractive index of a material forming the light

50 diffuseris different from a refractive index of the second fluid.

10. An electrowetting display device according to claim 1,
wherein a colour filter is arranged in one or more of: the first
support plate or the second support plate.

11. An electrowetting display device according to claim 1,

55 wherein the reflector is a specular reflector.

12. An electrowetting display device according to claim 1,
wherein the at least one picture element is transflective and
the reflector covers part of a cross-section of the at least one
picture element.

60 13. An electrowetting display device comprising at least
one picture element having a first support plate, a second
support plate and a space between the first support plate and
the second support plate, the first support plate including a
reflector for reflecting light,

65  the space including a first fluid and a second fluid immis-

cible with each other, the first fluid forming a layer on the
first support plate when no voltage is applied to the at
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least one picture element and the second fluid being one
or more of: electrically conductive or polar,

wherein the second support plate includes a light diffuser

ona side ofthe second support plate facing the space, the
light diffuser having a first side closest to the space and 5
a second side furthest away from the space, wherein a
refractive index of a medium adjoining the first side is
one of more of: different from, or substantially the same
as, a refractive index of a medium adjoining the second
side. 10

14. An electrowetting display device according to claim 13,
wherein the light diffuser includes a non-planar surface.

15. An electrowetting display device according to claim 14,
wherein, without a voltage being applied to the at least one
picture element, the second fluid has a varying thickness 15
across an extent of the at least one picture element, the vary-
ing thickness being dependent on a shape of the non-planar
surface.

16. An electrowetting display device according to claim 14,
wherein the second fluid adjoins at least part of a non-planar 20
surface of the second support plate, the non-planar surface of
the second support plate being non-planar in dependence on a
shape of the non-planar surface of the light diffuser.
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